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542a Tuesday, February 18, 2014these residues play a specific role in lowering the transition state energy barrier
between open and closed channel states. The demonstration of a negative
phi-value is unique for an ion channel gating process, and diverges from inter-
pretations that use phi-values to place specific residues in the spatial and tem-
poral progression through the transition energy landscape. Using nonsense
suppression for unnatural amino acid incorporation, we demonstrate the
requirement for a planar amino acid at Kir6.2 position 68, potentially required
to localize the ε-amine of Lys170 in the PIP2 binding site. Our findings identify
a discrete pair of residues with an essential role for controlling gating kinetics
of Kir channels.
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Inspection of the architecture of Kir channels reveals a non-covalent interface
between the ’ligand-sensing’ C-terminal domain (CTD) and the canonical pore-
forming ’gating domain’ formed by the TM1 and TM2 transmembrane helices.
This interface is involved in transduction of ligand binding, and intact coupling
between the CTD and TMD of Kir6.2 channels has been proposed to be crucial
for propagation of gating effects induced by intracellular ligands. However,
many mutations in this interfacial region prevent channel function and thereby
preclude functional studies to interrogate the domain interface. We have devel-
oped a novel rescue mechanism that circumvents this problem, and we have
applied this method to scan the functional contributions of residues in the
CTD-TMD interface of Kir6.2 channels. Overall, residues cluster into three
distinct functional types, based on their impact on ATP sensitivity and gating
kinetics of the F168E background mutation used for functional rescue. Most
loss-of-function mutations are classified as ’efficiently coupled’, and their
ATP sensitivity is only modestly affected by introduction of mutations. A sec-
ond group of mutations comprises residues in the ATP binding site, which
are ’efficiently coupled’ but are profoundly insensitive to ATP. Most interest-
ingly, our studies reveal a subset of ’uncoupling’ mutations that form a network
between the C-linker, G-loop, C-D loop, and slide helix of the channel. These
residues exhibit an unusual combination of low open probability (or complete
loss of function) combined with profound ATP insensitivity. The identification
of mutations that uncouple the TMD and CTD distinguishes unique gating
roles for residues that are required for channel function, and highlights the
importance of a rescue approach to understand the impact of loss of function
mutations.
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The b-cell ATP-sensitive potassium (KATP) channel regulates insulin secre-
tion by coupling glucose metabolism to membrane excitability. Mutations in
the constituent protein subunits Kir6.2 and sulfonylurea receptor 1 (SUR1)
that prevent channels from trafficking to the cell surface are frequent causes
of congenital hyperinsulinism. We recently reported that carbamazepine, an
anticonvulsant, corrects the trafficking defects caused by mutations in the
N-terminal transmembrane domain of SUR1. In addition, carbamazepine in-
hibits the function of rescued channels that can be reversed by subsequent
drug removal. Here, we investigated the mechanism underlying carbamaze-
pine’s effects on KATP channel trafficking and gating by partial proteolysis
and electrophysiology, respectively. We show that carbamazepine inhibits
channel activity by specifically abolishing channel response to the physiolog-
ical stimulator MgADP. Our partial proteolysis results show that carbamaze-
pine interacts with the channel complex and protects the N-terminus of
Kir6.2 against trypsin digestion. Further, results show that deletion of Kir6.2
N-terminal 30 amino acids severely compromised carbamazepine mediated
rescue of the SUR1 trafficking mutant, F27S. Our findings suggest a structural
model for carbamazepine mediated rescue of SUR1-TMD0 trafficking mutants
and inhibition of KATP channels.
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Biochemistry, Temple University School of Medicine, Philadelphia,
PA, USA.The conductance of potassium channels can be regulated by C-type inactiva-
tion, which consists in the time-dependent closing of their selectivity filter
following activation. Crystallization of the KcsA channel from S. lividans
under conditions of low potassium concentration revealed conformational
changes of the selectivity filter preventing the permeation of both K and Na
ions. This structure was associated with the C-type inactivated state of K
channels. Under similar low potassium crystallization conditions, MthK
from M. thermoautotrophicum, another model potassium channel, remains
in its canonical conductive state. Functional studies nevertheless show that
MthK undergo C-type inactivation like KcsA. In KcsA, the transition to the
inactivated state is favored by a glutamate in the vicinity of the selectivity
filter (Glu71). Mutation of this residue to alanine decreases inactivation dras-
tically. Our electrophysiology and molecular simulation data show that, in
MthK, a mutation of a valine at the same position to a glutamate (V55E)
accelerates inactivation and results in a conformation of the selectivity filter
similar to the inactivated state of KcsA. These results support the idea that
potassium channels can potentially adopt two different inactivated states.
We further investigate changes in ion binding affinity in MthK and KcsA
channel mutants to understand the underlying difference in inactivation
behavior using molecular dynamic simulations, free energy calculations and
electrophysiological measurements.
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The intermediate-conductance KCa3.1 channel and the related small-
conductance KCa2 channels constitute potential pharmacological targets for
immunosuppression, fibroproliferative disorders, hypertension and various
neurological diseases. However, there currently is no available crystal structure
or molecular model of these medically relevant targets that could be used for
structure-assisted drug design. We used the Kv1.2-Kv2.1 channel structure
(pdb id: 2R9R) as a template to generate a homology model of the KCa3.1
channel transmembrane region with the Rosetta modeling method. Docking
of small molecules that are known to block KCa3.1 channel currents using
Rosetta Dock generated structural channel - drug complexes that can be vali-
dated using experimental approaches. The lowest energy confirmation of the
KCa3.1 channel complex with TRAM-34 identified T250 and V275 as interac-
tion sites, two residues which had been previously demonstrated to completely
abolish triarylmethane sensitivity when mutated to the corresponding residues
in KCa2.3 channel. The model further correctly identified the interaction of the
benzothiazinone-type KCa3.1 channel blocker NS6180 with T250 and V275 in
KCa3.1 channel and modeled binding of the negative KCa2 channel gating
modulator NS8593 to a KCa3.1-T250S- V275A mutant channel, which is
blocked more potently by NS8593 than the WT-KCa2.3 channel. For the dihy-
dropyridine nifedipine, which blocks KCa3.1 channels with low micromolar
activity, the Rosetta model suggested a receptor site located between the
pore lining S5 and S6 segment in agreement with available experimental
data showing that nifedipine does not interact with T250 in the selectivity filter.
The Rosetta KCa2/3 channel models can be used to understand the molecular
mechanism of action of KCa channel blockers and gating modulators and assist
with drug design efforts. Supported by RO1 GM076063 (to H.W.) and UC
Davis startup (to V.Y-Y.).
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The intermediate-conductance Ca2þ-activated Kþ channel KCa3.1 (also known
as KCNN4, IK1 or the Ga´rdos channel) plays an important role in the
activation of T- and B-cells, mast cells, macrophages and microglia by regu-
lating membrane potential, cellular volume and calcium signaling. KCa3.1
is further involved in the proliferation of dedifferentiated vascular smooth
muscle cells and fibroblast and endothelium-derived hyperpolarization
(EDH) responses in the vascular endothelium. Accordingly, KCa3.1 inhibitors
are therapeutically interesting as immunosuppressants and for the treatment
of a wide range of fibroproliferative disorder, while KCa3.1 activators
constitute a potential new class of endothelial function preserving antihyper-
tensives. Here, we report the development of QPatch assays for both
KCa3.1 inhibitors and activators. During assay optimization, the Ca2þ sensi-
tivity of KCa3.1 was studied using varying intracellular Ca2þ concentrations.
A free Ca2þ concentration of 1 mM was chosen to optimally test inhibitors.
Tuesday, February 18, 2014 543aTo identify activators, which generally act as positive gating modulators, a
lower Ca2þ concentration (~200 nM) was used. The QPatch results were bench-
marked against manual patch-clamp electrophysiology by determining the
potency of several commonly used KCa3.1 inhibitors (TRAM-34, NS6180,
ChTX) and activators (EBIO, riluzole, SKA-31). Collectively, our results
demonstrate that the QPatch provides a comparable but much faster approach
to study compound interactions with KCa3.1 channels in a robust and reliable
assay.
Supported by U54NS079202, R21NS072585 and T32-GM008799 from NIH.
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Voltage-gated Kþ (Kv) are tetramers of a-subunits each consisting of 6 trans-
membrane segments (S1-S6) and a cytoplasmic N- and C-terminus. The S5-S6
segments of each subunit assemble to generate the central pore while the S1-
S4 segments form the voltage-sensing domains. The PXP motif in the middle
of S6 provides a degree of flexibility to the bottom half of the S6 segment
which is necessary for channel gating. This region is also critical for the inter-
action with channel blockers. Based on sequence homology, eight Shaker-
related Kv subfamilies have been identified: Kv1-Kv6, Kv8-Kv9. The silent
(KvS) subunits (Kv5-Kv9) cannot form homotetramers but assemble with
Kv2 subunits into Kv2/KvS heterotetramers that display unique biophysical
properties. KvS subunits lack the 2nd proline residue of the PXP motif which
may impact on the pharmacological profile of channel blockers. We tested this
hypothesis by using the Kv1.5(P511G) mutant in which the 2nd proline of the
PXP motif was replaced by a glycine. Homotetrameric Kv1.5(P511G) chan-
nels were insensitive to 4-AP while heterotetrameric Kv1.5-Kv1.5(P511G)
channels (stoichiometry controlled by using dimers), still displayed current
inhibition. However, Kv1.5-Kv1.5(P511G) channels were significantly less
sensitive displaying an IC50 values of 16 mM instead of 270mM for wild
type (WT) Kv1.5. Similarly, heterotetrameric Kv2/KvS channels displayed
an altered affinity for 4-AP compared to WT Kv2.1; 18 mM (IC50 for
Kv2.1) inhibited 17%, 60%, 82% and 13% of Kv5.1, Kv6.3, Kv8.1 and
Kv9.3-containing currents, respectively. Furthermore, the heterotetrameric
Kv2/KvS channels displayed also a subtle change in the affinity for the
open channel blockers quinidine and flecainide. These results suggest that
the absence of a complete PXP motif in one or two out of four subunits alters
the pharmacological profile. (Supported by FWO fellowships to JS and EB &
grant FWO-G.0449.11N to DJS).
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GIRK (G-protein activated inward rectifier potassium channels) are direct
effectors of Gbg expressed in cardiac myocytes, neurons and other cells.
GIRKs modulate resting membrane potential and mediate inhibitory actions
of many neurotransmitters. GIRKs are involved in heart rate inhibition by
vagus nerve, long term potentiation, pain mediation, drug addiction, etc.
These channels are tetramers and GIRK1/2 is most abundant in brain while
GIRK1/4 is mainly expressed in cardiomyocytes. We compared the kinetic
single-channel properties of GIRK1/2 and GIRK1/4. Channels were ex-
pressed in Xenopus leaves oocytes with Gbg subunit of G-proteins. The
dose of Gbg was chosen to produce maximal activation, as verified in
whole-cell recordings. GIRK channels in cells co-expressing Gbg demon-
strated robust activity in cell-attached membrane patches. Recordings
demonstrating no overlaps for long episodes of activity (~ 5-10 min) were
considered as single channel and were subjected to detailed kinetic analysis.
We found that maximal open probability (Po,max) of GIRK1/4 (0.055.01,
n = 5) is almost 3 fold lower than that of GIRK1/2 (0.1550.027, n= 6).
Mean closed time of GIRK1/4 (35.8856.6 ms, n = 5) was significantly longer
than of GIRK1/2 (14.7453.58 ms, n = 6). No significant difference was
found between the mean open times. Closed times distribution of GIRK1/4
was satisfactorily fitted with 5 exponents (as found previously in excised
patches), whereas only 4 exponents were sufficient for fitting the closed times
distribution of GIRK1/2. It was hypothesized that GIRK channel as a tetramer
can be found in 5 closed states (0-4 bound Gbg). The fact that only 4 closed
sates are populated in GIRK1/2 can point to higher affinity to Gbg compared
to GIRK1/4. Analysis of published literature supports lower EC50 values for
GIRK1/2 than for GIRK1/4 observed in dose-response to Gbg in excised
patches.2749-Pos Board B441
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Mortality of breast cancer is very high when it metastases to distant organs.
New early tumor markers and mechanistic insight into carcinogenesis and
metastasisation are needed to treat the disease at curable stages. GIRK channels
are activated by GPCRs and regulate resting potential and excitability of neu-
rons, myocytes and other cells. Recently GIRK proteins have been associated
with endocrine adenomas and also breast cancer (Stringer et al.2001, Brevet
et a.l 2008 and Choi et al.2009). In this study we analyzed the vital parameters
of cancerous and noncancerous breast cell lines when human GIRK1 and splice
variants (hG1a, hG1c, hG1d) are overexpressed or silenced.
GIRK1a, GIRK1c and GIRK1d were stably overexpressed and knocked out in
breast cell lines MCF7, MDA-MB-231 and MCF 10A. Vital parameters
including invasion, wound healing, adhesion, proliferation and motility were
evaluated.
Our findings revealed that overexpression of GIRK1a significantly increased
the velocity 0.10250.035 (mm/min) in overexpresssed vs. 0.0550.02 in vector
control cells (P<0.001) and motility coefficient 0.250.3 (mm2/min) in overex-
presssed vs. 0.0550.06 in vector control cells (P<0.001) of the MCF7 cell
lines. Overexpression of hG1c in MCF7 significantly increased invasiveness
of the cells (P<0.001) as measured by matrigel assay. Overexpression of the
GIRK1 and splice variants didn’t have significant effect on proliferation,
wound healing and adhesion of the MCF7 cells.
Stably overexpression of GIRK1 and splice variants in MCF7 cause increased
velocity, motility coefficient and invasion of the cells. Expression of GIRK
might be a new diagnostic biomarker of breast cancer and possibly is causally
involved in metastasisation.
Acknowledgements: The research is funded by the Austrian Science Founda-
tion (FWF; P22974-B19 to W. S and KLIF 182 to T. B).
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Ion channels may be regulated by numerous factors, including the physiochem-
ical properties of the membrane in which they are imbedded. Hydrophobic
matching between the hydrophobic thickness of the bilayer and the channel’s
hydrophobic length is thought to minimize the energetic penalty that would
be needed to solvate hydrophobic residues or exposed lipid tails. Here we
examine the role of hydrophobic matching in regulating the activity of 3 potas-
sium channels, KcsA, KirBac1.1 and human Kir2.1. Purified channels were re-
constituted into membranes containing 25 mol% POPG and 75 mol% diCn:1PC
(14 < n < 22) (þ 1 mol% PI(4,5)P2 for Kir2.1). 86Rbþ influx assays indicate
that KcsA channels are maximally active in thick membranes (diC20:1PC),
while both KirBac1.1 and Kir2.1 channels were maximally active in thinner
membranes (eg. < diC18:1PC). Single channel recordings in lipid bilayers of
the same compositions indicate that membrane thickness affects the open prob-
ability of KcsA, but not unitary conductance. SAXS was used to quantify the
hydrophobic thickness of each of our experimental conditions in order to quan-
tify the energy associated with hydrophobic matching for these 3 proteins. Our
initial calculations suggest the energies associated with membrane stretching or
curvature are too great to account for hydrophobic matching in these channels,
and suggest tilting of the a-helices of the proteins are required for these chan-
nels to be maximally active. Molecular dynamic simulations provide further
insight into the molecular details associated with hydrophobic matching for
each of these channels.
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Slack Naþ-activated Kþ channels contribute to neuronal adaptation during
sustained stimulation and regulate the temporal accuracy of action potentials.
